ABSTRACT. The effects of supplying dried bioflocs biomass to Nile tilapia juveniles were investigated in the present work. Fish were stocked in experimental rearing tanks for eight weeks. Selected variables of water quality, growth performance and effluent quality were evaluated. Fish were given different combinations of artificial diets and biofloc biomass, in wet (in natura) or dry form. As the supply of artificial diet decreased, the allowance of biofloc biomass increased in the same proportion. Biofloc biomass was produced in two 500-L tanks that received daily applications of dry molasses to adjust the C: N ratio of the water to 15: 1. The concentration of nitrite in water was only reduced in the tanks receiving wet bioflocs. The fish growth performance was poorer in the tanks that received dried biofloc biomass than in the tanks with wet biofloc biomass. Given the lack of positive results, there is no justification to dry the biofloc biomass aiming at delivering it as a dry biomass to reared fish.
Introduction
The bioflocs technology (BFT) in aquaculture has proven to be an important source of nutrition for the rearing animals, helping to maintain water quality and preventing diseases (Ballester et al., 2010) . Previous studies have shown that the bioflocs produced within the system, or added to it, can accelerate the growth of the cultured organisms (Arnold, Coman, Jackson & Groves, 2009; Megahed, 2010; . According to the bioflocs are available 24 hours a day as a food source and can supply a significant part of the nutritional demand of farmed animals.
Fish and shrimp diets supplemented with bioflocs can improve growth (Anand et al., 2014) . According to Jatobá et al. (2014) , the concentration of protein of the artificial diet may be reduced if there is abundant natural food in the farming system, such as the bioflocs. Therefore, the aquaculture feeding costs can be reduced by adoption of the BFT system, since the expenses with commercial diets account for more than 50% of the production operating costs (Chamberlain, Avnimelech, McIntosh & Velasco, 2001) .
The nutritional value of bioflocs for fish depends on various factors such as the feeding habit of the species and its ability to eat the flakes and the suspended particles density (Hargreaves, 2006) . Bioflocs can contain up to 30% crude protein in their composition and about 2% lipids (Azim & Little, 2008; Ballester et al., 2010; Luo et al., 2014; . Due to its omnivorous habit, Nile tilapia uses well bioflocs as a food source, and bioflocs can meet up to 50% protein requirements (Avnimelech, 2007; Azim & Little, 2008 Despite its nutritional value, previous works showed a significant drop in fish growth performance when the artificial diets were in great proportion replaced with wet bioflocs (Jatobá et al., 2014; Luo et al., 2014; Xu, Pan, Zhao & Huang, 2012) . According to Wasielesky, Atwoo, Stokes and Browdy (2006) , a BFT system without a supply of artificial feed is inappropriate to sustain a regular fish and shrimp growth. For that, it is important to associate artificial diets with bioflocs. In this regard, an alternative not evaluated yet is the supply of dried biofloc biomass to reared fish.
This study aimed at determining the effects of the supply of dried bioflocs biomass to Nile tilapia juveniles maintained in experimental tanks on selected variables of water quality, growth performance and effluent quality.
Material and methods
Juveniles of Nile tilapia (Oreochromis niloticus; n = 1000), masculinized, weighing between 1 and 2 g, were obtained from the Bom Princípio Farm, located in Guaíba (Ceará State) and transported to the LCTALaboratório de Ciência e Tecnologia Aquícola, Departamento de Engenharia de Pesca, Centro de Ciências Agrárias, Universidade Federal do Ceará, Fortaleza, Ceará State, Brazil. In the laboratory, fish were initially stocked in one 1000-L polyethylene tank with constant artificial diet for lab acclimation for four days. The artificial diet was given four times a day (8, 11, 14 and 17 h) . It was used a commercial powdered diet designed for omnivore tropical fish with 49.4% CP at 5% of the body weight per day.
The study lasted eight weeks and used 30 circular 100-L polyethylene indoor tanks, which were located in the laboratory clear water room. The stocking density was set up at six fish per tank (initial body weight = 2.19 ± 0.05 g). Continuous mechanical aeration was provided to all tanks. No water exchange was performed throughout the experimental period, only replacement to maintain the initial water level. Fish were fed three times a day with the following diets: (1) a 51.6% CP powdered diet, (2) a 43.4% 1-mm extruded diet and a 35.9% CP 2-4 mm extruded diet, always at 8, 12 and 16 h. The experimental design consisted of seven treatments, formed by different combinations of artificial diet and bioflocs (Table 1) .
In tanks of the treatment 1 (positive control), fish received only the commercial diets along the entire study (100% artificial feed). In tanks of the treatments 2 and 4, fish received both artificial feed and wet bioflocs biomass at different proportions. In these last tanks, the artificial diet allowances were reduced by 25% and 50%, respectively, compared to the treatment 1. The same was carried out in tanks of the treatments 3 and 5, except for the use of dried bioflocs biomass. In tanks of the treatments 6 and 7, it was provided only artificial diet, at 75% and 50% respectively in relation to the treatment 1, but without any supplementation of biofloc biomass, either wet or dry (negative controls). In this work, it was used two separate outdoor 500-L tanks for bioflocs production. The separate BFT tanks were provided with continuous aeration and intensive stirring of the water. Each separate BFT tank was stocked with 100 Nile tilapia juveniles with 30 ± 1.2 g. A 2,000 L h -1 pump was placed into each separate BFT tank to make a constant exchange of the two waters and obtain the same bioflocs quality in the two tanks. In the separate BFT tanks, fish fed a commercial 35.9% CP 2 -4 mm diet for tropical omnivorous fish, supplied four times daily at 8, 11, 14 and 17 h, at 3% of the total biomass. The water C: N ratio of the separate BFT tanks was adjusted daily to 15: 1 with applications of dry molasses by using the Avnimelech (1999) formula. In those tanks, Imhoff cones were used to determine the concentration of settleable solids in water and the concentrations of dissolved oxygen were monitored three times a week.
The following methodology was used to define the amount of wet bioflocs biomass to be supplied to the designed tanks. Daily, before the first meal, a 1,000 mL water sample was taken from the separate BFT tanks. This sample was filtered through a 40-μm mesh sieve to retain the wet bioflocs biomass, which was weighed on a precision scale for further calculation of the wet bioflocs density (g L -1
). It was estimated that there were 10% of dry matter in the wet bioflocs biomass. Afterwards, the wet bioflocs biomass volumes to be applied to each rearing tank were calculated considering the experimental treatments, feeding rates and bioflocs biomass densities. The feeding rates ranged from 12.8%, for the 1.5-g fish, up to 3.8%, for the 35-g fish. A given wet bioflocs biomass was dried weekly in an oven at 100°C for 12 h to obtain the dry bioflocs biomass. Subsequently, the dried bioflocs biomass was macerated with the use of mortar and pestle, weighed and mixed daily into the artificial feed supplied to fish, according to the proportions designed for each treatment (Table 1) .
The water quality of the tanks was monitored throughout the trial period. Twice a week, in the morning and afternoon, the water pH, temperature and electrical conductivity were read with the aid of a pH meter mPA210 (MS Tecnopon ® ), digital thermometer and CD-850 conductivity, respectively. Weekly, the concentrations of total ammonia nitrogen (TANindophenol method), nitrite (spectrophotometry at 543 nm) and dissolved oxygen (YSI 55 oximeter) were determined; the determinations of total alkalinity (titration with standard H2SO4 solution), total hardness (titration with standard EDTA solution) and reactive phosphorous (spectrophotometry at 690 nm) were carried out fortnightly. Additionally, measurements of free CO2 (titration with Na2CO3 solution) and total dissolved sulfides (titration with standard Na2S2O3 solution) were performed at the beginning, middle and end of the experiment. The concentrations of NH3 and H2S were then calculated using the results of TAN and total sulfides, according to El-Shafai, El-Gohary, Nasr, Van der Steen and Gijzen (2004) . The determinations of water quality were carried out following the procedures described in the laboratory handbook, which is based on APHA (1999). After the final weighing of fish, all fish were removed from the tanks and the mechanical aerations turned off. Then, the water in the tanks was left to rest for five days. Next, samples of effluents were analyzed for DO2, TAN, nitrite, nitrate, and organic matter.
Fish growth performance was monitored through the following variables: survival, final body weight, specific growth rate (SGR = [(ln final body weight -ln initial body weight)/days of rearing] x 100), fish yield, feed conversion ratio (FCR = artificial diet allowed (g)/fish weight gain (g)) and protein efficiency ratio (PER = fish weight gain (g)/artificial crude protein allowed (g)). Fish weighings were carried out every other week to adjust the amount of artificial feed and bioflocs biomass provided to each tank.
Variables of water quality, growth performance and effluent quality were analyzed by one-way ANOVA for randomized block experiments. The Tukey's test was used to compare means when there were significant differences between the treatments. The significance level adopted in all statistical tests was 5%. The statistical analyses were run using the softwares BioStat 5.0 and Excel 2013.
Results and discussion
Water quality There were no significant differences between the treatments for pH, dissolved oxygen, total ammonia nitrogen (TAN), NH 3 , reactive phosphorus and organic matter (Table 2 ).
In general, the total alkalinity increased as the artificial feed was partially replaced with bioflocs biomass regardless its condition (dry or wet; p < 0.05). Fish feces decomposition (undigested food) as well as the non-consumed feed decay release free CO 2 into the water that lowers the alkalinity (Ebeling, Timmons & Bisogn, 2006) . Therefore, the more artificial feed is provided to fish the lower the total alkalinity. This result suggests that the effect of bioflocs biomass supply on the water alkalinity is the opposite of that observed for the artificial feed allowance. This is positive fact because a higher water alkalinity brings several benefits to fish culture, such as the increased water buffering effect (Furtado, Poersch & Wasielesky, 2011) .
In intensive aquaculture systems, the accumulation of toxic substances in water, such as nitrite, is a major water quality problem (Cobo, Sonnenholzner, Wille & Sorgeloos, 2014) . In this study, the concentration of nitrite in water was significantly higher in the tanks with the larger allowances of artificial feed (100R; Figure 1 ). The maximum nitrite concentration was observed at the fourth day of culture with a decrease thereafter until the end of the experiment. As the fish feces and the unconsumed feed decompose, ammonia is released to the water. Then, ammonia can be transformed into nitrite by nitrifying bacteria. Therefore, the higher the concentrations of protein-rich organic matter in the water the higher the concentrations of ammonia and, probably, nitrite (Campos et al., 2012) . In bioflocs systems, Schryver and Verstraete (2009) observed a 98% efficiency in nitrite removal. Azim and Little (2008) found a nitrite reduction in BFT systems and a simultaneous 9 -10% increase in tilapia growth when compared to the system without bioflocs. Therefore, the partial removal of artificial feed and its replacement with bioflocs, beside increase the hardness and the alkalinity of water, also reduces the concentrations of nitrite. The nitrite reduction, however, was only verified when the wet bioflocs biomass was used (25WBF+75R; 50R+50WBF). These results suggest that the use of wet bioflocs biomass is preferable to the use of dried bioflocs biomass because only living bacterial cells can remove nitrite from the water (Azim & Little, 2008) .
The nitrate concentrations increased in all tanks throughout the experiment (Figure 2 ). As nitrate is the final product of the nitrification process, it tends to be accumulated in static tanks, as those used in the present work, as well as in water recirculation tanks (Campos et al., 2012) . The tanks supplemented with wet bioflocs biomass (75R+25WBF; 50R+50WBF) showed significantly higher nitrate concentrations than those tanks that received dried bioflocs biomass (75R+25DBF; 50R+50DBF). These results suggest that bioflocs enhance the Nitrobacter bacteria activity, which convert nitrite into nitrate.
Acta Scientiarum. Animal Sciences
Maringá, v. 37, n. 4, p. 335-341, Oct.-Dec., 2015 Figure 1 . Concentration of nitrite in tanks stocked with Nile tilapia juveniles over time. Fish were maintained for eight weeks in 100-L indoor tanks and fed different proportions of artificial feed and dried and wet bioflocs biomass, as a food supplement (mean ± S.D; n = 5). 100R: 100% artificial diet; 75R+ 25WBF: 75% artificial diet + 25% wet bioflocs; 75R+25DBF: 75% artificial diet + 25% dried bioflocs; 50R+50WBF: 50% artificial diet + 50% wet bioflocs; 50R+50DBF: 50% artificial diet + 50% dried bioflocs; 75R: 75% of the amount supplied at 100R; 50R: 50% of the amount supplied at 100R. Means followed by distinct letters represent treatments significantly different from each other by Tukey's test (ANOVA p <0.05)
Growth Performance
The bioflocs can be used as an important source of food for tilapia (Avnimelech, 2007) . Furthermore, bioflocs enhance the digestion and utilization of artificial feeds, improving the growth performance of animals . In this study, there were no significant differences between the experimental Figure 2 . Concentrations of nitrate in tanks stocked with Nile tilapia juveniles over time. Fish were maintained for eight weeks in 100-L indoor tanks and fed different proportions of artificial feed and dried and wet bioflocs biomass, as a food supplement (mean ± S.D; n = 5). 100R: 100% artificial diet; 75R+ 25WBF: 75% artificial diet + 25% wet bioflocs; 75R+25DBF: 75% artificial diet + 25% dried bioflocs; 50R+50WBF: 50% artificial diet + 50% wet bioflocs; 50R+50DBF: 50% artificial diet + 50% dried bioflocs; 75R: 75% of the amount supplied at 100R; 50R: 50% of the amount supplied at 100R. Means followed by distinct letters represent treatments significantly different from each other by Tukey's test (ANOVA p < 0.05).
treatments for fish survival (p > 0.05). On average, the overall fish survival was 87.8 ± 4.8%. Similarly, the fish final body weight did not differ between the 100R treatment (100% artificial diet) and the 75R+25WBF (75% artificial diet plus 25% wet bioflocs; p > 0.05). However, those treatments exhibited greater final fish body weight than the 75R+25DBF (75% artificial diet plus 25% dried bioflocs) and 75R (75% of 100R) Acta Scientiarum. Animal Sciences Maringá, v. 37, n. 4, p. 335-341, Oct.-Dec., 2015 treatments ( Figure 3 ). These results demonstrate that the supply of wet bioflocs biomass support a higher body growth than the dried bioflocs biomass. 100R: 100% artificial diet; 75R+ 25WBF: 75% artificial diet + 25% wet bioflocs; 75R+25DBF: 75% artificial diet + 25% dried bioflocs; 50R+50WBF: 50% artificial diet + 50% wet bioflocs; 50R+50DBF: 50% artificial diet + 50% dried bioflocs; 75R: 75% of the amount supplied at 100R; 50R: 50% of the amount supplied at 100R. Columns with distinct letters represent significantly different means by Tukey's test (P < 0.05) Wet bioflocs, unlike the dried bioflocs, combine nutritional benefits with water quality improvement. According to Crab, Avnimelech, Defoirdt, Bossier and Verstraete (2007) , the allowance of bioflocs in natura provides a more sustainable method to maintain the water quality, serving, additionally, as a protein food source. The in natura bioflocs are always available to the aquatic organims as a supplemental food supply (Avnimelech, 1999) . They can be ingested and digested by the animals, replacing a significant fraction of the artificial feed (Anand et al., 2014; Crab, Chielen, Wille, Bossier & Verstraete, 2010; . Contrarily, the dried bioflocs can be used only as a source of nutrients by fish (Ju, Forster, Conquest & Dominy, 2008) . Therefore, there is no technical justification to dry the bioflocs biomass to supply to fish. It can be delivered in natura (wet biomass) to fish.
Fish final body weights in the 50R (50% of 100R), 50R+50WBF (50% artificial diet plus 50% wet bioflocs) and 50R+50DBF (50% artificial diet plus 50% dried bioflocs) tanks were lower than in the 100R tanks (Figure 3) .
The best results for specific growth rate (SGR), weekly weight gain and fish yield were obtained for the 100R (100% artificial diet) and 75R+25WBF (75% artificial diet plus 25% of wet bioflocs) treatments. These two treatments did not significantly differ between each other for these variables ( Table 2 ). The worst results for these variables were observed in the 50R+50WBF, 50R+50DBF and 50R tanks. The 75R+25DBF and 75R treatments did not differ between each other for SGR, weekly weight gain and fish yield (p > 0.05). These results indicate that, under the present study conditions, the maximum replacement level of artificial feed for wet bioflocs biomass is 25%. Besides, any level of replacement of artificial feed with dried bioflocs impairs the growth performance in tilapia. Therefore, the nutritional value of dried bioflocs biomass is probably much lower than that present in a complete artificial fish diet (Wasielesky et al., 2006) .
The results of feed conversion ratio (FCR) were significantly inferior in the 50R, 50R+50WBF and 50R+50DBF tanks (Table 3) . Results of FCR for 100R, 75R, 75R+25WBF and 75R+25DBF did not differ from each other (p < 0.05; Table 3 ).
Except by the 50R's result, the best protein efficiency ratio (PER) was registered for the 75R+25WBF treatment that was not different from 75R+25DBF (p > 0.05; Table 3 ). The 100R's PER result was significantly lower than for the 75R+25WBF and 75R+25DBF tanks. These results suggest that the protein of the artificial diet is better converted in fish growth when the wet bioflocs are present in the tanks. Bioflocs may increase the digestibility of protein of the artificial diet. According to , bioflocs affect positively the digestive enzyme activity of the farmed aquatic organisms. Anand et al. (2014) concluded that the digestive activity of the animals was improved when the artificial diet was supplemented with bioflocs.
Effluent quality
The concentrations of dissolved oxygen, nitrite, nitrate and organic matter in the tank effluents were not different between the treatments (p > 0.05; Table  4 ). On the other hand, significantly lower concentrations of TAN were found in the 75R+25WBF and 75R+25DBF effluents when compared to the 75R treatment. Therefore, the BFT technology in aquaculture can be environmentally benefic by producing cleaner effluents, especially less ammonia. According to Crab et al. (2007) , bioflocs are capable to treat aquaculture effluents by recycling nutrients, turning them in situ into food. 1 SGR: specific growth rate = [(ln final body weight -ln initial body weight)/ rearing days] x 100; FCR: feed conversion ratio = artificial diet allowed (g)/ fish weight gain (g); PER: protein efficiency ratio = fish weight gain (g)/artificial protein allowance (g). 2 100R: 100% artificial diet; 75R+ 25WBF: 75% artificial diet + 25% wet bioflocs; 75R+25DBF: 75% artificial diet + 25% dried bioflocs; 50R+50WBF: 50% artificial diet + 50% wet bioflocs; 50R+50DBF: 50% artificial diet + 50% dried bioflocs; 75R: 75% of the amount supplied at 100R; 50R: 50% of the amount supplied at 100R. ³For each variable, distinct letters in the same row indicate significantly different means by Tukey's test (p < 0.05). : 100% artificial diet; 75R+ 25WBF: 75% artificial diet + 25% wet bioflocs; 75R+25DBF: 75% artificial diet + 25% dried bioflocs; 50R+50WBF: 50% artificial diet + 50% wet bioflocs; 50R+50DBF: 50% artificial diet + 50% dried bioflocs; 75R: 75% of the amount supplied at 100R; 50R: 50% of the amount supplied at 100R. ³For each variable, distinct letters in the same row indicate significantly different means by Tukey's test (p < 0.05);
4 Non-significant (ANOVA p > 0.05).
Conclusion
The results obtained in this study allowed us state that there is no technical justification for drying the bioflocs biomass in order to provide it for farmed fish. Better water quality and growth performance results are obtained when applying bioflocs biomass in the wet form (in natura) directly to fish tanks. However, the majority of the fish diet should consist of artificial diet for better productive results even when using the wet bioflocs biomass.
